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(54) HI-GROUP NITROGEN COMPOUND SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To contemplate improvements in 
the increase of luminous intensity and luminous efficiency of a 



blue light emitting element. 

SOLUTION: After a GaN n-!ayer having the film thickness of 
about 0.6 H m, Si density of 2 x 1018/cm3 and electron density 
of 2 X 1018/cm3 has been formed on a buffer layer 2, a GaN 
high carrier density n+ layer (high impurity density layer) 3 
having the film thickness of about 4.0 11 m, Si density of 4 x 
1018/cm3 and electron density of 2 x 1018/cm3, a GaN n-layer 
(second low impurity density layer) 4 having the film thickness 
of about 0.5 fl m, Si density of 1 X 1018/cm3 and electron 
density of 5 X 1017/cm3, an InO.20GaO.80N light emitting layer 5 
haying the film thickness of about 100nm f an AI0.08Ga0.92N P- 
conductive type clad layer 71, a GaN first contact layer 72, and 
a GaN p+ conductive type second contact layer 73 are 
successively formed on the n-layer 31. As a result, the 




crystallinity of the light emitting layer 5 can be improved by the 
n-layer (first low impurity density layer) 31, and as a contact 
electrode is formed on the n+ layer 3, resistance becomes small 

and the lowering of driving voltage and the improvement of light emitting efficiency can be 
accomplished. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS ■_ 

CCIaim(s)] ~ 

[Claim 1] In the light emitting device which has n layers which consist of 3 group nitride semiconductor 
formed on the substrate, a luminous layer, and p layers The 1st low impurity concentration layer which 
added the impurity to the low concentration which contains impurity additive-free for the layer formed 
in the direction near the aforementioned substrate among the n aforementioned layers and the p 
aforementioned layers from the direction near the aforementioned substrate, The light emitting device 
which is formed on the 1st low impurity concentration layer, considers as the configuration which has 
the high impurity concentration layer which added the impurity to high concentration, and is 
characterized by forming a contact electrode to the aforementioned quantity impurity concentration 
layer. 

[Claim 2] The light emitting device according to claim 1 characterized by forming the 2nd low impurity 
concentration layer which added the impurity to low concentration between the aforementioned quantity 
impurity concentration layer and the aforementioned luminous layer. 

[Claim 3] The carrier concentration of the aforementioned 1st low impurity concentration layer is a light 
emitting device according to claim 1 or 2 characterized by being three or less 2x1018/cm. 
[Claim 4] the aforementioned 1st low impurity concentration layer thickness — 100 **-2 mum it is — 
light emitting device according to claim 1 or 2 characterized by things 

[Claim 5] The carrier concentration of the aforementioned quantity impurity concentration layer is a 
light emitting device according to claim 1 or 2 characterized by being 1x1016 to 1x1019/cm3. 
[Claim 6] the aforementioned quantity impurity concentration layer thickness — 0.5-10 micrometers it 
is — light emitting device according to claim 1 or 2 characterized by things 

[Claim 7] The impurity concentration of the aforementioned 1st low impurity concentration layer is a 
light emitting device according to claim 1 or 2 characterized by being three or less 4x1018/cm. 
[Claim 8] The layer formed in the direction near the aforementioned substrate is a light emitting device 
according to claim 1 to 7 characterized by being n layers which show n conduction type. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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DETAILED D ESCRIPTION ■ . 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor device which 
used 3 group nitride semiconductor. It is related with the light emitting device which raised photogenesis 
brightness especially. 
[0002] 

[Description of the Prior Art] It is AlGalnN as a material of the light emitting device of the former, blue, 
or a short wavelength field. The thing using the compound semiconductor of a system is known. Since 
the compound semiconductor is a transited [ directly ] type, it attracts attention from luminous 
efficiency making the luminescent color the blue and green which are one in three primary colors of a 
high thing and the light etc. 

[0003] AlGalnN Also in a system semiconductor, Mg is doped, an electron ray is irradiated orHzing can 
be carried out [ p mold ] with heat treatment. Consequently, AIGaN InGaN of the clad layer of p 
conduction type, Zn, and Si dope A luminous layer and GaN The light emitting diode (Light Emitting 
Diode) which has the double hetero structure using n layers is known. n+ to which this light emitting 
diode added a buffer layer and silicon on silicon on sapphire at high concentration Type GaN n form GaN 
which added a layer and silicon The clad layer which consists of a layer, and InGaN **** — luminous 
layer and p type AIGaN which changes Clad layer and p type GaN The 1st contact layer and p+ Type 
GaN The 2nd contact layer is formed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, such light emitting diode of structure still had a 
problem of the parvus in a photogenesis intensity. Then, this invention persons found the following thing 
newly, as a result of repeating a research about the crystallinity of this light emitting device. n+ which 
added silicon on the buffer layer at high concentration Type GaN A layer is formed and the upper layer 
is formed one by one on it. Consequently, n+ Type GaN As a result of the layer's containing the impurity 
so much, it became clear that the crystallinity of each class by which crystallinity is not good, therefore 
is formed on it is not good, either. Then, except for the buffer layer, the crystallinity of each class 
formed on it became good, and that photogenesis brightness and luminous efficiency improve made clear 
the layer first formed on a substrate henceforth [ the layer then henceforth ] when the becoming **** 
impurity concentration is low. 

[0005] Therefore, this invention is accomplished based on the above-mentioned knowledge, it is 
improving the crystallinity of each class of a light emitting device, and the purpose of this invention is 
raising photogenesis brightness and luminous efficiency. 
[0006] 

[Means for Solving the Problem] In the light emitting device which has n layers which consist of 3 group 
nitride semiconductor with which this invention was formed on the substrate, a luminous layer, and p 
layers The 1 st low impurity concentration layer which added the impurity to the low concentration which 
contains impurity additive-free for the layer formed in the direction near a substrate among n layers and 
p layers from the direction near a substrate, It is formed on the 1st low impurity concentration layer, 
considers as the configuration which has the high impurity concentration layer which added the impurity 
to high concentration, and is characterized by forming a contact electrode to a high impurity 
concentration layer. 
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[0007] In the above-mentioned configuration, the 2nd low impurity concentration layer which added the 
impurity to low concentration may be formed between the high impurity concentration layer and the 
luminous layer. Since impurity concentration of the layer used as the footing into which a luminous layer 
is grown up was made low, the crystallinity of the layer is good, therefore the crystallinity of the 
luminous layer which grows on it also becomes good. 

[0008] In the above-mentioned configuration, the carrier concentration of the 1st low impurity 
concentration layer has three or less desirable 2x101 8/cm. At this time, the crystallinity of each class 
formed on it is improved. Moreover, a low impurity concentration layer thickness is 100 **-2. mum It is 
desirable. 100 The effect of an improvement of crystallinity of each class formed on it if thinner than ** 
is low, and it is 2. mum If it becomes the above, since the thickness of each class which can grow on it, 
without generating a crack will be restricted, it is not desirable. 

[0009] As for the carrier concentration of a high impurity concentration layer, in the above-mentioned 
configuration, it is desirable that it is 1x1016 to 1x1019/cm3. A contact electrode is formed in this layer. 
Therefore, since the crystallinity of the layer formed on it by crystallinity becoming bad will fall if carrier 
concentration is set to three or more 1x1019/cm although this layer has resistivity as desirable as the 
parvus, it is not desirable. If carrier concentration is set to three or less 1x1016/cm, since resistance 
cannot be reduced by the proper layer thickness, it is not desirable, moreover, the high impurity 
concentration layer thickness — 0.5-10 micrometers it is — things are desirable 0.5 mum It becomes 
difficult and is not desirable to expose the layer by etching, if thin, and to form a contact electrode in 
the layer. Moreover, 10 micrometers Since it will become difficult to grow up each class formed on it, 
without generating a crack if thick, it is not desirable. 

[0010] Furthermore, as for the impurity concentration of the 1st low impurity concentration layer, in the 
above-mentioned configuration, it is desirable that it is three or less 4x1 01 8/cm. If 4x1018/cm3 is 
exceeded, since the crystallinity of each class formed on it will fall, impurity concentration is not 
desirable. Moreover, it is [ the manufacture ] easier to make the direction near a substrate into n layers, 
if it says from the point of p form activation, although n layers of n conduction type or p layers of p 
conduction type are sufficient as the layer formed in the direction near a substrate. When the layer of 
the direction near a substrate is made into n layers, the above-mentioned carrier concentration means 
concentration of electrons, and the above-mentioned impurity means a donor impurity. Moreover, when 
the layer of the direction near a substrate is made into p layers, the above-mentioned carrier 
concentration means hole concentration, and the above-mentioned impurity means acceptor impurity, n 
layers or at least p layers of the above-mentioned carrier concentration, impurity concentration, and the 
numerical domain of a layer thickness are desirable domains both, respectively. 
[0011] 

[Function and Effect of the Invention] Since the impurity concentration containing impurity additive-free 
used the layer used as the footing of growth of a luminous layer as the low layer as mentioned above, 
the crystallinity of the layer improves. Therefore, as a result of the crystallinity of each class formed on 
the 1st low impurity concentration layer improving and the crystallinity of a luminous layer becoming 
good especially, photogenesis brightness and luminous efficiency improved. Moreover, since impurity 
concentration formed the high layer on the 1st low impurity concentration layer and the contact 
electrode was prepared in the layer, in order not to pass the 1 st impurity concentration layer, the sag by 
resistance and resistance loss are suppressed and luminous efficiency of a carrier improved. 
[0012] 

[Embodiments of the Invention] Hereafter, this invention is explained based on a concrete example. In 
addition, this invention is not limited to the following example, drawing 1 — light emitting device 1 00 of 
this application example General drawing is shown. Light emitting device 100 It has silicon on sapphire 1 
and is 0.05-micrometer AIN on the silicon on sapphire 1. The buffer layer 2 is formed. 
[0013] the buffer layer 2 top — order — thickness 0.6 [ about ] mum Silicon (Si) dope GaN of 
2x1018/cm3 of silicon concentration, and 1x1018/cm3 of concentration of electrons **** — n layer 
(1st low impurity concentration layer) 31 and the thickness 4.0 [ about ] which change mum — 
4x1018/cm3 of silicon concentration, and the concentration of electrons 2 The silicon (Si) dope GaN of 
x1018/cm3 high carrier concentration n+ since — it changes — A layer (Quantity impurity 
concentration layer) 3 and thickness 0.5 [ about ] The silicon concentration 1 of mum GaN of the silicon 
(Si) dope of x1018/cm3 and 5x101 7/cm3 of concentration of electrons **** — about 100nm of n layer 
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(2nd low impurity concentration layer) 4 and thicknesss and zinc (Zn) which change, and a silicon (Si) 
dope, respectivety-InO.20GaO.80N doped by 5x1018/cm3 **** — the luminous layer 5 which changes, 
about 10nm of thicknesss, and hole concentration 2x1017/cm3, Magnesium (Mg) Concentration 
5x101 9/cm3 dope aluminum0.08Ga0.92N since — the clad layer 71 of p conduction type which changes, 
about 35nm of thicknesss, and hole concentration Magnesium (Mg) concentration of 3x1017/cm3 GaN of 
5x1019/cm3 dope **** — the 1st contact layer 72 which changes, thickness about 5 nm, and hole 
concentration magnesium (Mg) of 6x1017/cm3 Concentration GaN of 1x1020/cm3 dope **** — p+ 
which changes The 2nd contact layer 73 of conduction type is formed, the [ and ] — the top whole of 2 
contact layer 73 — nickel/Au the transparent electrode 9 which consists of a double layer forms — 
having — the fraction of the corner of the transparent electrode 9 — nickel/Au The pad 10 for the 
bonding which consists of a double layer is formed. Moreover, n+ The electrode 8 which consists of 
aluminum is formed on the layer 3. 

[0014] Next, the manufacture technique of the semiconductor device of this structure is explained. The 
above-mentioned light emitting device 100 It was manufactured by the vapor growth by the organic- 
metal vapor growth (following MOVPE). The used gas Ammonia (NH3) and carrier gas (H2), 
trimethylgallium (Ga3 (CH3)) (it is described as "TMG" below) trimethylaluminum (aluminum3 (CH3)) (it 
is described as "TMA" below) trimethylindium (ln3 (CH3)) (it is described as "TMI" below) A silane 
(SiH4) and diethylzinc (Zn2 (C2H5)) (it is described as "DEZ" below) It is magnesium cyclopentadienyl 
(Mg2 (C5H5)) (it is described as "CP2Mg" below). 

[0015] First, the a-th page washed with organic washing and heat treatment is made into a principal 
plane, and it is MOVPE about the silicon on sapphire 1 of a single crystal. The susceptor laid in the 
reaction chamber of equipment is equipped. Next, silicon on sapphire 1 was baked at the temperature of 
1 1 00 degrees C, passing H2 to a reaction chamber for about 30 minutes by part for rate-of-flow 2 
liter/by the ordinary pressure. 

[0016] Next, temperature It is made to fall to 400 degrees C, and they are a part for 20 liter/, and NH3 
about H2. A part for 10 liter/, and TMA It supplies for about 90 seconds by part for 1.8x10 -five mols/, 
and is AIN. The buffer layer 2 was formed in thickness of about 0.05 micrometers. Next, it is 1 100 
degreeC about the temperature of silicon on sapphire 1 . It holds. H2 A part for 20 liter/, NH3 A part for 
10 liter/, and TMG A part for 1.12 x10 -four mols/, H2 gas — 0.86 ppm the diluted silane — a part for 
20x10 -nine mols/ — 36 minutes — introducing — thickness 0.6 [ about ] mum and concentration of 
electrons 1x1018/cm3 and silicon concentration Silicon (Si) dope GaN of 2x1018/cm3 **** — n layer 
31 which changes was formed 

[001 7] The temperature of silicon on sapphire 1 is held at 1 1 50 degrees C. H2 A part for next, 20 liter/, 
NH3 A part for 10 liter/, and TMG A part for 1.7x10 -four mols/, It is 0.86 ppm by H2 gas. The diluted 
silane is introduced by part for 20x10 -eight mols/for 40 minutes, thickness 4.0 [ about ] mum and 
concentration of electrons 1x1018/cm3 and silicon concentration Silicon (Si) dope GaN of 4x1018/cm3 
**** — high carrier concentration n+ which changes The layer 3 was formed. 

[0018] Above-mentioned high carrier concentration n+ After forming a layer 3, it is 1 100 degreeC about 
temperature continuously. It holds. They are a part for 20 liter/, and NH3 about H2. A part for 10 liter/, 
and TMG A part for 1.12 x10 -four mols/, H2 gas — 0.86 ppm the diluted silane — a part for 10x10 - 
nine mols/ — 30 minutes — introducing — thickness 0.5 [ about ] mum and concentration of electrons 
5x1017/cm3 and silicon concentration Silicon (Si) dope GaN of 1x1018/cm3 **** -- n layer 4 which 
changes was formed 

[0019] Temperature is held to 800 **. N2 or H2 A part for then, 20 liter/, NH3 A part for 10 liter/, and 
TMG 0.2 x10 -four mol a part for /and TMI It is 0.86 ppm by 1.6 x10 -four mol a part for /and H2 gas. 
The diluted silane by part for 10x10-8mol/ DEZ 2x10 -four mols/a part — for 30 minutes — supplying - 

- lOOnm in thickness silicon and zinc — respectively — 5x1018/cm3 — dope **** InO.20GaO.80N **** 

— the luminous layer 5 which changes was formed 

[0020] Temperature is held at 1100 degrees C. N2 or H2 A part for then, 20 liter/, NH3 A part for 10 
liter/, and TMG A part for 1.12x10 -four mols/, TMA 0.47x10 -four mol a part for /and CP2Mg a part for 
2x10 -five mols/ — 0.6 a part — between — introducing — aluminum0.08Ga0.92N of the magnesium 
(Mg) dope of about 10nm of thicknesss **** — the clad layer 71 which changes was formed Magnesium 
concentration of the clad layer 71 It is 5x101 9/cm3. In this status, the clad layer 71 is still resistivity 
108. It is an insulator more than omegacm. 
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[0021] next, temperature — 1 100 degrees C — holding — N2 or H2 — a part for 20 liter/, and NH3 A 
part for 10 liter/^and TMG 1.12x10 -four mol a part for /and CP2Mg a part for 2x10 -five mols/ — for 
40 seconds — introducing — GaN of the magnesium (Mg) dope of about 35nm of thicknesss **** — 
the 1 st contact layer 72 which changes was formed Magnesium concentration of the 1 st contact layer 

72 It is 5x101 9/cm3. In this status, the 1st contact layer 72 is still resistivity 108. It is an insulator more 
than omegacm. 

[0022] next, temperature — 1 100 degrees C — holding — N2 or H2 — a part for 20 liter/, and NH3 A 
part for 10 liter/, and TMG 1.12x10 -four mo! a part for /and CP2Mg a part for 4x10 -five mols/ — for 
1 8 seconds — introducing — GaN of the magnesium (Mg) dope of thickness about 5 nm **** — p+ 
which changes The 2nd contact layer 73 was formed. Magnesium concentration of the 2nd contact layer 

73 It is 1x1020/cm3. In this status, the 2nd contact layer 73 is still resistivity 108. It is an insulator more 
than omegacm. 

[0023] Next, the electron ray was uniformly irradiated at the 2nd contact layer 73, the 1st contact layer 
72, and the clad layer 71 using electron-beam-irradiation equipment. The irradiation conditions of an 
electron ray are 0.2mm of the traveling speeds of about 10kV of acceleration voltage, 1 micro A of data 
currents, and a beam, sec, beam-diameter 60micrometerphi, and degree of vacuum 5.0 x10-5Torr. By 
irradiation of this electron ray, the 2nd contact layer 73, the 1st contact layer 72, and the clad layer 71 
are hole concentration, respectively. 6x1017/cm3, 3x1017/cm3, 2x1017/cm3, resistivity 2ohmcm and 1 
It became p conduction-type semiconductor of omegacm and 0.7ohmcm. Thus, the wafer of multilayer 
structure was obtained. 

[0024] Next, as shown in drawing 2 , the Ti (titanium) layer 1 1 1 is formed with vacuum deposition on the 
2nd contact layer 73 at thickness 1 000**, and it is 1 micrometer in thickness about the nickel (nickel) 
layer 1 12 on it. It forms. And a photoresist 12 is applied on the nickel layer 112, with a ********** 
graph, as shown in drawing 2 , it sets on the 2nd contact layer 73, and it is high carrier concentration n+. 
Electrode formation site A' to a layer 3 The photoresist 12 was removed. Next, as shown in drawing 3 , 
wet etching of the Ti layer 111 and the nickel layer 112 which are not covered by the photoresist 12 
was carried out, and the acid removed them. 

[0025] Next, the 2nd contact layer 73 of the site which is not covered by the Ti layer 111 and the nickel 
layer 112, the 1st contact layer 72, the clad layer 71, and 5 or n layers of luminous layers, after carrying 
out dry etching of 4 by BCI3 gas, dry etching of it was carried out by Ar. this process shows to drawing 
4 — as — high carrier concentration n+ the hole for electrode extraction to a layer 3 — A was formed 
Then, the photoresist 12, the Ti layer 111, and the nickel layer 1 12 as a mask were removed. 
[0026] Next, after applying a photoresist uniformly, the aperture was opened in the fraction which forms 
a transparent electrode 9 according to the photo-lithography process. Then, it is nickel/Au uniformly. 
The vacuum evaporationo of two-layer was carried out, and the photoresist was removed, namely, the 
transparent electrode 9 was formed on the 2nd contact layer 73 by the lift-off method. And it is 
nickel/Au in a part of the transparent electrode 9. The vacuum evaporationo of two-layer was carried 
out. and the pad 10 was formed. On the other hand, it is n+. To the layer 3. according to the same 
process, the vacuum evaporationo of the aluminum was carried out and the electrode 8 was formed. 
Then, like the above, the processed wafer is cut for every element and obtained the light emitting diode 
of the structure shown in drawing 1 . this light emitting device — 20mA of drive currents — emission- 
peak-wavelength 430 nm and photogenesis on-the-strength 1500mCd it was . Compared with Light 
Emitting Diode of structure, the photogenesis intensity increased 3 times conventionally. 
[0027] In addition, GaN The surface morphology of the 2nd contact layer 73 of the best layer at the 
time of preparing 31 [ n-layer ] and forming the light emitting device of the above-mentioned 
configuration was observed under the microscope. The surface microphotography is shown in drawing 5 . 
Moreover, they are direct and n+ on the buffer layer 2, without preparing 31 [ n-layer ] like the 
conventional light emitting device. The surface morphology of the 2nd contact layer 73 of the best layer 
at the time of forming a layer 3 and forming a light emitting device was observed under the microscope. 
The surface microphotography is shown in drawing 6 . All are 200 times as many microphotographies as 
this. 

[0028] It is understood that crystallinity is [ the direction which 31 / n-layer / was prepared / 
direction / and carried out the laminating of each class on it ] good so that this photograph may show. 
[0029] It sets in the above-mentioned example and is 4 n layers High carrier concentration n+ Although 
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formed between a layer 3 and the luminous layer 5, it is high carrier concentration n+. When the impurity 
carrier concentration of v a layer 3 is comparatively low, it is high carrier concentration n+. You may grow 
up a luminous layer 5 directly on a layer 3. In the above-mentioned example, although silicon is added in 
2x1018/cm3 and n layers of concentration of electrons are set to 1x1018/cm3 31, you may be additive- 
free. It is checked that the crystallinity of each class on which silicon concentration grows to be 
2x1018/cm3, and concentration of electrons grows on it rather than 1x1018/cm3 at the time of the 
parvus becomes good. 

[0030] Furthermore, the thickness of 31 is 0.6 n layers, mum Since n layers exist in order that 31 may 
improve the crystallinity of each class which grows one by one on it although carried out, it is 100 **-2. 
mum It is checked that there is an effect of an improvement of crystallinity in the domain. It sets in the 
above-mentioned example and is high carrier concentration n+. Although the carrier concentration of a 
layer 3 set 2x1018/cm3 and silicon concentration to 4x1018/cm3, carrier concentration is 1x1016 to 
Ix1019/cm3, silicon concentration is the domain of 1x1017 to 1x1020/cm3, the crystallinity of the layer 
which grows on it can be improved, and resistance can be made small. Moreover, high carrier 
concentration n+ It is the thickness of a layer 3 4.0 mum Although carried out, it is the high carrier 
concentration n+ from the same viewpoint as carrier concentration. The thickness of a layer 3 is 0.5-10 
micrometers. The domain is the optimum. 

[0031] Although 4 set n layers to 1x1018/cm3 of silicon concentration, and 5x1017/cm3 of 
concentration of electrons, it is 2x1016 to 2x1019/cm3 of silicon concentration. Concentration of 
electrons 1x1016 - 1x1019/cm3 It is a suitable domain. Moreover, thickness is 0.5. Although referred to 
as mum, 0.5 to 2 micrometer is desirable, if a thickness is set to 0.5 micrometers or less, a photogenesis 
intensity will fall — since it will generate heat if series resistance will become high too much if set to 2 
or more micrometers, and a current is passed, it is not desirable 

[0032] In the above-mentioned example, although the contact layer was made into two-layer structure, 
one layer structure is sufficient as it. In a luminous layer 5, it is InO.20GaO.80N. InGaAIN which are 2 
yuan, 3 yuan, and 4 yuan although used If it is 3 group nitride semiconductor, the composition ratio of a 
configuration element can use arbitrary things. Moreover, about the clad layer 71, the 1st contact layer 
72, and the 2nd contact layer 73, the semiconductor with a band gap larger than a luminous layer 5 is 
demanded. The layer of ****** can also use 3 group nitride semiconductor of 2 yuan, 3 yuan, and 4 
yuan. Moreover, n layer 31 and n+ 4 is general formula InGaAIN similarly 3 or n layers of layers. 3 group 
nitride semiconductor of 2 yuan of an arbitrary composition ratio, 3 yuan, and 4 yuan can be used. 
[0033] Moreover, the silicon concentration and zinc concentration of a luminous layer 5 have desirable 
1x1017 to 1x1020/cm3 respectively. 1x1017/cm3 When it is the following, luminous efficiency falls with 
the shortage of an emission center, and it is 1x1020/cm3. If it becomes the above, since crystallinity will 
become bad and the Auger effect will occur, it is not desirable. It is 1x1018 to 1x1019/cm3 still 
preferably. A domain is good, moreover, the concentration of silicon (Si) — zinc (Zn) — comparing — 10 
time -1 / 10 — desirable — further — desirable — A between [ 1 - 1/10 ] grade and the fewer one is 
more desirable. 

[0034] Although the monolayer constituted the luminous layer 5 from the above-mentioned example 
General formula Alx1Gay1In1-x1-y1 The well layer of N (0 <=x1 <=1, 0 <=y 1<=1, 0 <=x1+y 1 < 1), and 
general formula Alx2Gay2In1-x2-y2N 0 [ 0 <=x2<=1 . 0 <=y 2<=1, ] [ 0 <=x2+y2 ] it consists of the 
barrier layer of <=1 — you may constitute in single or multiplex quantum well structure In this case, a 
donor impurity and acceptor impurity may be simultaneously added in a well layer or a barrier layer, a 
donor impurity or acceptor impurity may be added in a well layer, and acceptor impurity or a donor 
impurity may be conversely added in a barrier layer. Moreover, this invention can be used also for a 
laser diode besides light emitting diode. 

[0035] The beryllium (Be) of 2 group element, magnesium (Mg), zinc (Zn), cadmium (Cd), and mercury 
(Hg) may be used for acceptor impurity. Carbon which is 4 group element as a donor impurity when 2 
group element is made into acceptor impurity (C) Silicon (Si) germanium ****** (germanium), tin (Sn), 
and lead (Pb) can be used. Moreover, when 4 group element is made into acceptor impurity, it is the 
sulfur (S) of 6 group element as a donor impurity. A selenium (Se) and a tellurium (Te) can also be used. 
Heat treatment in a heat annealing besides an electron beam irradiation and N2 plasma gas and laser 
radiation can perform p mold-ization. 
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v. 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

. I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS . 

[Brief Description of the Drawings] 

[Drawing 1] The block diagram having shown the configuration of the light emitting diode concerning the 
1st concrete example of this invention. 

[Drawing 2] The cross section having shown the manufacturing process of the light emitting diode of 
this example. 

[Drawing 3] The cross section having shown the manufacturing process of the light emitting diode of 
this example. 

[Drawing 4] The cross section having shown the manufacturing process of the light emitting diode of 
this example. 

[Drawing 5] The microphotography which observed the surface state of the best layer at the time of 
forming the 1st low impurity concentration layer (n layers) in the above-mentioned light emitting diode. 
[Drawing 6] The microphotography which observed the surface state of the best layer in the case of not 
forming the 1st low impurity concentration layer (n layers) in light emitting diode. 
[Description of Notations] 
100 — Semiconductor Device 

1 — Silicon on sapphire 

2 — Buffer layer 

31 — n layers (the 1st low impurity layer) 

3 — Quantity carrier concentration n+ Layer (quantity impurity layer) 
4— n layers (the 2nd low impurity layer) 

5 — Luminous layer 

6 — Cap layer 

71 — Clad layer 

72 — The 1 st contact layer 

73 — The 2nd contact layer 

8 — Electrode 

9 — Transparent electrode 

10 — Pad 
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1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the light emitting device using 3 
group nitride semiconductor which raised electrostatic pressure-proofing of the right orientation. 
[0002] 

[Description of the Prior Art] In1-XGaXN which added Zn and Si as a 3 group nitride semiconductor 
light emitting device conventionally **** — the luminous layer which changes — hole concentration 
AIGaN of three or less 1x1018/cm p conduction type **** — p becoming layers and concentration of 
electrons GaN of 2x1018/cm3 **** — the thing of the double hetero structure inserted by n layers 
which change is known This light emitting device is 420-520nm. Blue photogenesis is obtained. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the light emitting device of the above-mentioned 
configuration has the hole concentration of p layers as small as three or less 1x1018/cm, and since the 
carrier concentration of a barrier layer is comparatively as high as 5x1017 to 2x1018/cm3, the thickness 
of a depletion layer is very narrow [ a light emitting device ]. For this reason, this light emitting device 
has the problem that the about [ 100V ] right voltage of the right orientation destroys easily. 
[0004] this invention is accomplished in order to solve the above-mentioned technical probrem, and the 
purpose is raising the dielectric-breakdown-proof nature to the right voltage of the right orientation. 
[0005] 

[Means for Solving the Problem] this invention is high carrier concentration n+ of n conduction type. A 
layer, a luminous layer, and p layers of p conduction type set to the light emitting device formed with 3 
group nitride semiconductor, and it is luminous layer and high carrier concentration n+. Between layers, 
it is luminous layer and high carrier concentration n+. It is characterized by preparing n layers which 
consist of 3 group nitride semiconductor of n conduction type with concentration of electrons lower 
than a layer. 

[0006] Moreover, other characteristic features of invention are having constituted the n layers from a 3 
group nitride semiconductor of n conduction type of 5x1016 to 5x1017/cm3 of thickness 500 -6000** 
and carrier concentration. Furthermore, other characteristic features of invention are n layers and high 
carrier concentration n+. It is GaN about a layer. It is having constituted. 
[0007] 

[Function and Effect of the Invention] As mentioned above, a luminous layer and n+ Between layers, it 
is luminous layer and high carrier concentration n+. Since n layers which consist of 3 group nitride 
semiconductor of n conduction type with concentration of electrons lower than a layer were prepared, 
when the static voltage of the right orientation is impressed, the electric field between each class 
become small, and electrostatic pressure-proofing of the right orientation improves. Moreover, as for n 
layers, it is desirable to consider as 3 group nitride semiconductor of n conduction type of 5x1016 to 
5x1017/cm3 of thickness 500 -6000** and carrier concentration, and electrostatic pressure-proofing of 
the right orientation which is 500V was obtained. This value is the electrostatic pressure-proofing [ 5 
times ] of the right orientation of the light emitting device of the conventional structure. 
[0008] 
[Example] 

In 1st example view 1 . light emitting diode 10 has silicon on sapphire 1, and it is AIN of 500 ** on the 
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silicon on sapphire 1. The buffer layer 2 is formed, the buffer layer 2 top — order — thickness 2.0 
[ about ] Silicon dope GaN of mum and 2x1018/cm3 of concentration of electrons **** — high carrier 
concentration n+ which changes a layer 3 and thickness 3000** — concentration of electrons GaN of 
the silicon dope of 1x1017/cm3 **** — InO.08GaO.92N of about 0.05 micrometers of n layer 4 and 
thicknesss which change **** — the luminous layer 5 and the thickness 1.0 [ about ] which change 
mum — aluminum0.08Ga0.92N by which magnesium was doped by 5x1017/cm3 of hole concentration, 
and 1x1020/cm3 of concentration **** — p layer 61 and the thickness 0.2 [ about ] which change mum 
— hole concentration 7x1017/cm3 and magnesium concentration GaN of the magnesium dope of 
2x1020/cm3 **** — the contact layer 62 which changes is formed And on the contact layer 62, the 
electrode 7 which consists of nickel joined to the layer 62 is formed. Furthermore, high carrier 
concentration n+ A part of front face of a layer 3 is exposed, and the electrode 8 which consists of 
nickel joined to the layer 3 is formed on the outcrop. 

[0009] Next, the manufacture technique of the light emitting diode 10 of this structure is explained. The 
above-mentioned light emitting diode 10 is an organometallic compound vapor growth (it is described as 
"M0VPE" below). It was manufactured by the vapor growth to depend. The used gas NH3 and 
trimethylindium (below) Carrier gas H2 or N2 (ln3 (CH3)) Trimethylgallium (Ga3 (CH3)) (it is described as 
"TMG" below) Trimethylaluminum (aluminum3 (CH3)) (it is described as "TMA" below) [ "TMI ] It is 
described as ". They are a silane (SiH4) and magnesium cyclopentadienyl (Mg2 (C5H5)) (it is described 
as "CP2Mg" below). 

[0010] First, thickness 100-400 which makes a principal plane the a-th page washed with organic 
washing and heat treatment It is M0VPE about the silicon on sapphire 1 of the single crystal of mum. 
The susceptor laid in the reaction chamber of equipment is equipped. Next, gas phase etching of the 
silicon on sapphire 1 was carried out at the temperature of 1 100 degrees C, passing H2 to a reaction 
chamber by part for rate-of-flow 2 liter/by the ordinary pressure. 

[001 1] Next, temperature It is made to fall to 400 degrees C, and they are a part for 20 liter/, and NH3 
about H2. A part for 10 liter/, and TMA It supplies by part for 1.8x10 -five mols/, and is AIN. The buffer 
layer 2 is abbreviation. It was formed in the thickness of 500**. The temperature of silicon on sapphire 1 
is held at 1150 degrees C. H2 A part for next, 20 liter/, NH3 A part for 10 liter/, and TMG It is 0.86 ppm 
by part for 1.7x10-4 **/, and H2 gas. The diluted silane is supplied by part for 20x10~8mol/for 30 
minutes, thickness 2.2 [ about ] mum and concentration of electrons GaN of the silicon dope of 
2x1018/cm3 **** — high carrier concentration n+ which changes The layer 3 was formed. 
[0012] The temperature of silicon on sapphire 1 is held at 1 150 degrees C. N2 or H2 A part for next, 10 
liter/, NH3 A part for 10liter/, and TMG Silane diluted by 0.86 ppm by 1.12x10 -four mol a part for /and 
H2 gas By part for 1x10-8mol/ 4 minutes — supplying — GaN of thickness about 3000** and the 
silicon dope of 1x1017/cm3 of concentration **** — n layer 4 which changes was formed 
[0013] then, temperature — 850 ** — holding — N2 or H2 — a part for 20 liter/, and NH3 A part for 
10liter/, and TMG 1.53x10 -four mol a part for /and TMI a part for 0.02x10 -four mols/ — 6 a part — 
between — supplying — InO.08GaO.92N [ 0.05-micrometer ] **** — the luminous layer 5 which 
changes was formed 

[0014] Temperature is held at 1 100 degrees C. N2 or H2 A part for then, 20 liter/, NH3 A part for 
10liter/, and TMG A part for 1.12x10 -four mols/, TMA 0.47x10 -four mol a part for /and CP2Mg a part 
for 2x10 -four mojs/— for 60 minutes — introducing — thickness 1.0 [ about ] aluminum0.08Ga0.92N of 
the magnesium (Mg) dope of mum **** — p layer 61 which changes was formed p layers of the 
concentration of the magnesium of 61 are 1x1020/cm3. In this status, 61 is still resistivity 108 p layers. 
It is an insulator more than omegacm. 

[0015] then, temperature — 1 100 degrees C — holding — N2 or H2 — a part for 20 liter/, and NH3 A 
part for 10 liter/, and TMG 1.12x10 -four mol a part for /and CP2Mg a part for 4x10 -four mols/ — 
comparatively — coming out — for 4 minutes — introducing — thickness 0.2 [ about ] GaN of the 
magnesium (Mg) dope of mum **** — the contact layer 62 which changes was formed Concentration of 
the magnesium of the contact layer 62 It is 2x1020/cm3. In this status, the contact layer 62 is still 
resistivity 108. It is an insulator more than omegacm. 

[001 6] Thus, the wafer of the cross-section structure shown in drawing 2 was obtained. Next, this wafer 
was heat-treated for 45 minutes at 450 degrees C. By this heat treatment, 61 is hole concentration 62 
or p layers of contact layers, respectively. 7x1017/cm3, 5x1017/cm3, resistivity 2ohmcm and 0.8 
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omegacm It bec^fc p conduction-type semiconductor. Thus, the wafer of multilayer structure was 
obtained. 

' [0017] next, it is shown in drawing 3 — as — the contact layer 62 top — sputtering — SiO two-layer - 
- 9 was formed in the thickness of 2000** and the photoresist 10 was applied on the SiO two-layer 9 
And with a ********** graph, as shown in drawing 3 , it sets on the contact layer 62, and it is high 
carrier concentration n+. Electrode formation site A' to a layer 3 The photoresist 10 was removed, next, 
the SiO two-layer which is not covered by the photoresist 10 as shown in drawing 4 — 9 was removed 
by the hydrofluoric-acid system etching reagent 

[0018] Next, after 4 supplied and carried out dry etching of 2 and the BCI3 gas at a rate for 10 
ml/degree of vacuum 0.04Torr and 0.44W [/cm ] RF power 5 or n layers of 62 or p layers 61 and the 
luminous layers of the contact layers of the site which is not covered by the photoresist 10 and SiO 
two-layer 9, dry etching was carried out by Ar. this process shows to drawing 5 — as — high carrier 
concentration n+ the hole for electrode extraction to a layer 3 — A was formed 
[0019] Next, as the vacuum evaporationo of the nickel is carried out uniformly, it passes through an 
application of a photoresist, a photolithography process, and an etching process all over the upper [ of a 
sample ] and it is shown in drawing 1 , it is high carrier concentration n+. The electrodes 8 and 7 to the 
layer 3 and the contact layer 62 were formed. Then, like the above, the processed wafer was cut for 
each chip and the light emitting diode chip was obtained. 

[0020] Thus, photogenesis ******** of the obtained light emitting device was measured, it is shown in 
drawing 6 — as — 20mA of drive currents — 450nm of emission peak wavelengths — photogenesis on- 
the-strength 1000mcd it was . Thus, the static voltage was impressed to the manufactured light 
emitting diode in the right orientation, and the electrostatic pressure-proofing was measured. Dielectric 
breakdown was not seen even if it impressed the static voltage of 500V. This is a luminous layer 5 and 
n+. Between layers 3, concentration of electrons is a luminous layer and n+. Since n layers lower than a 
layer 3 were prepared, it is considered because the electric field between each class by the right 
voltage of the right orientation become small. 

[0021] The band gap of a luminous layer 5 is formed in a double heterojunction which exists in both 
sides and which becomes smaller than the band gap of 4 n layers with 61 p layers in the above- 
mentioned example. Moreover, the component ratio of 61 is [ a luminous layer 5 and ] GaN p layers. 
High carrier concentration n+ It is chosen so that it may be in agreement with the lattice constant of a 
layer. Moreover, although double heterojunction structure was used in the above-mentioned example, 
you may be single heterojunction structure. Furthermore, although the example of light emitting diode 
was shown, the above-mentioned example can be similarly constituted, even if it is a laser diode. 
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http:/ / www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



02/03/1 1 



* NOTICES * f . 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The block diagram having shown the configuration of the light emitting diode concerning the 
1st concrete example of this invention. 

[Drawing 23 The cross section having shown the manufacturing process of the light emitting diode of 
this example. 

[Drawing 3] The cross section having shown the manufacturing process of the light emitting diode of 
this example. 

[Drawing 4] The cross section having shown the manufacturing process of the light emitting diode of 
this example. 

[Drawing 5] The cross section having shown the manufacturing process of the light emitting diode of 
this example. 
[Description of Notations] 
10 — Light emitting diode 

1 — Silicon on sapphire 

2 — Buffer layer 

3 — Quantity carrier concentration n+ Layer 
4 — n layers 

5 — Luminous layer 
61 — p layers 

62 — contest ****** layer 
7, 8 — Electrode 
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[0022]^:, i&j&£ii<xrc£fiy$u N 2 x*iH 2 £ 

20 liter/ft. NH 3 $10 liter/fl\ TMG £1.12X10"* 
^/^h S.t>\ CP 2 Mg $ 4Xl0- 5 ^;U/^T18#f H 1^ 
At. mm&)5 n m*r?£'*£'<7.MHg) K— 7V)GaN j&* 
£j£&p+ O3S2r7>-:??hJi7 3£^jj!ct*: 0 ^23 

;«)«8ttt; ^23^^ bJf7 3fcL irtf, & 

[0023]^;, mm^ltS^^M^T, ^2 ay 

SfttffiiftlOKV. ®^S£1aiA % h"-i,CO#itJiEg0.2ni 
m/sec . b*— A@6Ojum0. K3Lg£5.0 xi0" 5 Torr"C£> 
£. -^m^^J^lCiO. J mi-nv$9bmi 3, 
^l3^^M72S^7-yK17 lii. -f-ti-f 

*u exio^/^^xio^/cnP^xio'Vc 

m 3 . J£ifc£ 2Qcm, 1 ^cm,0.7Qcn*7)p {^M^fti 

[0 0 24] mz. m21,z5r<t&o\Z* m2ziy?7Y 
Jf7 3<0±tw. JStffiKtffcJ: 9Ti (^y) ®11U 
©SlOOOAtCjgfifcU -£<0±fc:Ni (~ yTVP) 1112 



fcWSl/xm £ffigfr&. *LT. NiJH 1 1 2*>Jifc:7 
d2^-fJ:^tc. i23>^^ h^73±(C*3^T N 

m^^vrmmn* ms^zm-^wm^UA' coy 

(C. 7tM/y*XM 2tci-?TSi3^Tl^v%TiJi.l 
1 liNiJgl 12h?:ST''>x 7 bx 7 f>-/LTIii 
tfc. 

[00 2 5] iXCC, Tijgl 1 1 tHiMl 12lz£-*xm 

? M72, ?7-y h'/f7 1 . 5£3fri5. n/f4£. BC 
la^XT'K^x.yf-y^t/t&s AtT'KtM 

* y rmg. n*i3 £*t-f s^&Bxai Le>t&>vifL a& 

2. TiJg 1 1 l&tfNiJgl 1 2$rl^*t7t s 

[00 2 6] mz, -^thVy'xhJi^U 

f^. 7*hyy^77^-igfc:j:0. ^m^9$^ 
tfLTzuMzmzmnti. ^<om. — atcNi/Au «2i 

*^t, 7^-M^> ? ^b$^tT s BP*>. >J7W 
7^zi:0. ^23y^ni7 3^iHgH»9$: 

Bj&Ltz. % ix. * commmm 9 <r>— mzm /au ^ 2 
MLxit. mm^xmizxo. y^^-^^^mMLx 
xM«i N z-m^mzmmzti. 

>f 5f— H«rf^3t» Zrtffl&l&ltmifflffiZQmAX'f&t 
t'-^^430 nm. ^^®1500mCd X'h-otlo 

[0027]^, GaN^n^31 $rlS»tT±iam^>^ 

<v0ffittui''<(£3mmx'®mLtz. zcomfimm* 

3lSrlftJff(C. ^^7 7112011:181, n + J13$ 
«tT. ^S^$^t?^li-a-iO^:Ji^^||2 3y 

vmi 3n&ffi^*xJi/'j£mmxmmLtz. % 

[0 0 28] ZWimfrhftfrh&oliZ. n^3 1$l§ 
HX Z<D±t,z&m $® Jf $ fc;fr*W H tta*& < ^ o T 

[00 2 93 ±iaHSfeWciJV>T. n!4Jl^'J7 

•vyr^sn* /i3cr)^^^yr?i»'^^ftv^ 

5$^$«t^V^ ±iaHJfe0«J^*5OT. n!3 1 

tc«, y'j3^2 xioi 8 /cmn^fltTm-^mg$i 
xio i8 /cm 3 tt-cv^*< x mmnx'fo-?xii&\,\ $sv 

3>lftJ£**2 X10 18 /cm3. ^iftJS**l XlOiVcm 3 ^*) 



(5) 



^¥10-4 2 10 



[00 3 0] nf3 l<7)J¥£i20.6 /in t LX 

Z^-t&titblzlf&t&tzibfc. 100 A— 2 A£m Sell 

Mmmmizh^x. i^'jrMn* i3^yr 

&ffli2 X10 18 /cm3. is-Vxym&Z* X10i 8 /cm3fct 
^-S-UTifgtil X10 16 — 1 Xl0 19 /cm 3 . y'jn 
y^Ul XIO'7— 1 xKPVctfcO&HT*. -eo±to£ 

<It#T'£&. X. i^-vUTi&gn* /13<tW$£4. 

^UTi&gn* Ji3<Off£te0.5 — lOjum <7)&H#fi 

[00 3 1 ] n/f4tt, y'J^yigJll Xl0 18 /cm3. W 
xlO'Vctfi; U;#, ^Uz?yii^2xl0 16 — 
2X10 19 /ctf ^igjg 1X10 15 — lxlO 19 /^ 
®%mm?S>Z. X. J?3Ji. 0.5 jumfcUfc**. 0.5 

[00 3 23 ±l£^Jg»*3^T. 3>?7hmiZ2m 

mmkLtzwimmmx-ti&w mms^t.. in 0 . 20 

Ga 0 . 80 N S:fflV^Jt*<27C, 37C. .47C<OInGaAlN «3 3.*e 

2. ^2 3y^^h^7 3tc^LT«. STOgSiOt 

*>2tc. 3tc. 4 tc<0 3 ^MttW^fr £J3v ^ £ A< 
T'£&o X. n!31 . n* Jf 3. nJ§4 tlSI&fc:. - 

[00 3 3] X. ^M5c7)v-U3^^S.IA'«i?fJg 
U\ *:ft.-e*U 1 X10 ,7 M xi02°/cm3a*M£U*. 1 
x l o^/cnP ElTrfc&fc . f£fc*'CT£{c.fc 0^ 
JWfiTts 1 x 1 o^/cm* J.Xt±3:&fc, ggfoft 

• a«&<&9. x. xiS&m* 5 ^-rs«oraiL< 
fcv>. S^*c»4L<*il xio 18 ~l xio"/crf co$g 
H#&V>. X, ^yay(Si)<OjRJK«, ffi«(Zn)fc:Jfc*. 
T, iofg-HL/io#SF£L<. Sfei!*4t<tt 1 -1/ 

[0034] ±M(7)mmmvn. $&tm su^rnxm^. 

Ltztfi* Bl Ga y t In,. iH(0£xl£l . 0 5yl 

51.0 ^xl+yl <l)^#FJf fc-&^Al x2 Ga y2 In 
i-«2-y2N(0^x2^1 , 0 5y251,0 ^x2+y2 SD^-Ky 
Til t j&> j£S #-Xti^SS^#Ffll3i^fltfi£ t T t 



fcT^-fer^^%^fi]^(^ptTt»^V^L. #F® 
icK^--TO^jX{i:T^^r^^»$:»L. a''J7 

LTt&v*. x. *%m&&ty4*-Y0)i&* u—f 

[0035] T9^7?-%m&\*. 2^7um^UU^ 
A (Be) . -7 r*zs* A (Mg) % 3&B (Zn) ; # H 5 * A (C 

&S^(C) . ^ynyfci). y;l^-»*X(Ge) , #g(S 
nh SB(Pb)£ffiU& X. 4&7cS£T:? 

&7nS<9>f tf^(S) , *W><Seh -f/WKTe)£ffl^£ 
[SI ] *%Hfl^«s«^lH)6SCT^&^fcr>f^ 

[S3] fai^M^^r-f^-h-^Mircs^tfv: 

[d4] [^^»^r-f^-b'^itX^^t^ 

[053 _hl£IBtr -f H tcfc V^TSl 
if (n^) ^^L^^^±^c7)a®^®^raL 

[H6] ^yty4*-v\,z^\xw,im^mmjm 
ioo -^mtmT 

2-A'>y7rl 

4-nJi (^2ffiTOM) 

7 1—^9 <y b*^ 

7 2-lgln^^^hJi 

8- WM 

9- m.mmm 

1 0-A*7 h* 
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